INTRODUCTION
Chemical analysis is an essential step to establish the nature of minerals (Newman, 1987) . The techniques used in rock and mineral analyses are generally valid for the analyses of clays. Additional information from other analytical techniques, which are mentioned here, is needed for accurate interpretation of the chemical analysis results of major elements (Gabis, 1979) . In traditional chemical analyses, the aim is to obtain accurate analyses for all elements present in the sample, in such a way that the sum of elements expressed as oxides, including hydration and structural water, approaches the sample weight as closely as possible.
The following elements are essential for the calculation of structural formulae of most clay minerals and silicates: Si, Al, Fe 3ϩ , Fe 2ϩ , Mg, Ti, Mn (in special cases), P, Ca, Na, K and H 2 O evolved below 105ЊC (H 2 O Ϫ ) and between 105-1000ЊC (H 2 O ϩ ). For some minerals, additional determinations, such as for F and Li, may be needed for the calculation of the composition of clay minerals. Methods used to determine the chemical composition, for both major and minor elements, are described elsewhere (Jackson, 1979; Lim and Jackson, 1982; Laird et al., 1989; Amonette and Zelazny, 1994) . For minor or trace elements of the Source Clays, see Elzea Kogel and Lewis (2001) .
Despite the progress made in science, and the increased accuracy which can be obtained from very sophisticated instruments, total major element analysis is often performed by standard methodologies. One problem with standard methodologies involving wet analyses is that the concentration of these elements is high and a very high rate of dilution is needed to bring the concentration to a level that can be determined by the instruments available.
Neutron activation analysis may be utilized to determine accurately the oxygen content, which is the neglected element in most standard silicate analyses. Methods for determining Fe 2ϩ , H and F are critically reviewed in Newman (1987) .
Clay minerals are seldom monomineralic. Therefore, before attempting to perform any analyses, it is essential that the sample be examined by X-ray diffraction to identify possible impurities in the sample. Some poorly crystalline phases can be removed by selective dissolution techniques (Newman, 1987; Amonette and Zelazny, 1994) .
INSTRUMENTATION AND METHOD
The Source Clay samples were prepared as described by Costanzo (2001) . For the total analyses, although the samples appear homogeneous, the clays were suspended one additional time to remove particles of Ͼ2 m using the method described by Jackson (1979) . Note that with impurities present in clays, unless their quantity and chemical compositions are known, it is not possible to calculate accurately the apparent structural formulae. Details of the calculation of the structural formulae are given in Newman (1987) .
The samples were saturated with NH 4 ϩ prior to total elemental analysis, following the general procedure of Brindley and Ertem (1971) . This procedure involved washing the homoionic sample three times with a solution of 1 M NH 4 Cl and then with a 50% (v/v) mixture of ethanol and distilled water until the supernatant solutions were free of Cl Ϫ by the AgNO 3 method. The samples were oven-dried overnight at 105ЊC. The elemental composition of the source clays was determined following digestion with analytical-grade aqua regia and boric acid in a microwave oven (Sawhney and Stilwell, 1994) . The Na and K contents were analyzed by flame emission spectrometry. All other elements, including Si, Al, Fe, Mg, Mn and Ti were determined by atomic absorption spectrometry. Four different individuals analyzed the samples using exactly the same procedures and chemicals. Four replicate analyses by each analyst were averaged and recorded as a single analysis. These four sets of analyses were averaged again to obtain a single value. The mean values, standard deviation (SD), and standard error (SE) were calculated.
RESULTS
The analytical data (overall averages) are presented in Table 1 with SE for the selected eight Source Clay samples. The average data from each analyst are given in Tables 2 to 7 . Examination of the results shows that the spread in the data is not large. The high degree of precision is due to the use of the same methods, pro- cedures and standards. The difference between the individuals was probably related to human error; e.g. analyst 2 produced less consistent results. Gabis (1979) discussed the reasons for a possible high spread in analytical data and attributed variations to storage conditions, expression of results either on the basis of the sample being processed wet or dried at 110ЊC, application of different procedures to fuse the sample, and the techniques used to determine the elements. As commonly observed, the SE for Si is relatively large, because phyllosilicates contain large amounts of Si and this element is also present in the impurities. Chemical analyses of major elements The SE is quite large for Si in the SWy-2 sample only. Analytical data for the synthetic montmorillonite, Syn-1, suggest that the results are reliable, because the contents of Fe, Ti, Mg, Ca, Na, K and P are negligible. This sample appeared to be very 'fluffy' and homogeneous with no evidence of impurities. Both kaolinite samples have near ideal Si and Al contents. Considerable amounts of Ti, P and Fe suggest the presence of impurities in both samples. The KGA-2 sample contains more Ti and Fe than KGa-1. Many kaolinites contain titanite together with Fe-rich oxides as impurities, especially those formed in soils under tropical conditions. The largest amounts of Mg and Ca were found in the SHCa-1 sample. Calcium can exist in exchange sites. Because the cation exchange capacity of hectorite is low, very large amounts of Ca indicate the presence of other minerals in this sample. Guggenheim and Koster van Groos (2001) describe the presence of dolomite and calcite in this sample. As the Mg content is greater than the Ca content, considerable amounts of Mg are likely in the silicate clay structure. The palygorskite (PFl-1) sample also contains small amounts of Ca (calcite) and P, indicating the presence of mineral impurities. Our experience with many palygorskites, including the source clay mineral sample from Florida, indicates that palygorskite commonly contains a small amount of P and other elements. The presence of K can be attributed to K-bearing minerals.
An attempt was made to calculate the structural formulae of the Source Clay Minerals (Table 8 ). Owing to large amounts of impurities in STx-1, PFl-1 and SHCa, the calculation was not performed for these minerals. In Table 8 , note that some discrepancies exist in comparison to idealized structural formulae, suggesting that there are also impurities in these samples.
